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Abstract 
With the globalization and the development of information technology, supply chain has become a complex system. 
In this paper, ABMS(Agent-based model and simulation), as one of the scientific and dynamic research methods for 
complex system, is applied to establish a supply chain model and determine its abundant bullwhip effect phenomenon 
under swarm platform. Based on analysis of certain conditions obtained in the paper, it proves the ABMS is the 
effective way to study the bullwhip effect in complex supply chain. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [CEIS 2011] 
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1. Introduction 
With the globalization and the development of information technology, supply chain has become a 
complex system. Supply chain is the supply network involving suppliers, manufacturers, wholesalers, 
retailers and customers in the process of production[1]. In this complex supply chain system, there are 
various forms of uncertainty, particularly, uncertainty of customer demand is the most fundamental 
uncertainty [2].   
Bullwhip effect is the distorted and fluctuated information caused by customer demand, referring to 
the orders placed by the retailer to the supplier which have inconsistence with the actual sales[3]. 
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Specifically variance of the orders sent to the vendors is greater than ones received from the buyer (that is 
Demand-Distorting)[4]. Such distortions in the supply chain are gradually magnified to the upstream. It is 
a serious impact on modern logistics, supply chain operations and the economic efficiency of the supply 
chain system.  
However, with the development of economic, the supply chain system has shown the larger, more 
complex nature of nonlinear[5]. In this complex system, the traditional theory of quantification and 
control system is unable to fully meet the analysis. Therefore, it will be an inevitable trend of utilizing a 
new theory to study the bullwhip effect. Unlike traditional statistics, in this paper , ABMS(Agent-based 
modeling and simulation) as one of the new technologies has been adopted to build supply chain model, 
and with the powerful corresponding simulation platform-Swarm, the abundant experimental results have 
been observed to verify and analyze the bullwhip effect under different conditions. Therefore it can be 
referred by supply chain management for how to weaken bullwhip effect and provide appropriate 
improvement strategy. 
2. The ABMS technology  
ABMS is the multi-agent modeling and simulation tool based on bottom-up thinking. The whole 
modeling steps of ABMS are as follows[6]: 
1)The division of individual agent: Firstly, determine the objectives and functions of the total system; 
Secondly, set out various sub-goals for completing the overall goal, and analyze the relationship among 
sub-goals, then get the hierarchy diagram of the goal; Lastly, determine the functions of individual Agent 
in the system, that is, set role differentiation of agent. 
2) Modeling on static structure: Agent modeling on the static structure is mainly to describe the 
organizational structure reflected by the Agent relations. This relationship decide the possible patterns of 
behavior in the process of interaction with each Agent. 
3) Design of dynamic behavior: On one hand, the process focuses on the dynamic behavior of the 
interactions Agent, on the other hand, it focuses on the internal mental state features of each Agent. Both 
are uniform in nature. 
4)Buildup of system: In principle, decentralized autonomous Agent is defined firstly, and then, study 
how to complete a task with a number of entities. The MAS modeling process can be seen as bottom-up 
design approach. 
3. Model and simulation 
Condition: There are five members included by one supply chain: manufacturer, distributor, 
wholesaler, retailer and customer. It is assumed that there is only one member of each level, such as one 
manufacturer, one distributor, one wholesaler, one retailer and one customer. Every week, according to 
the needs demand of downstream firms , the delivery cycle, the inventory of their own enterprises and the 
production and supply capacity, the enterprise place orders to the upstream firm. Then upstream 
enterprises make supply decision to meet the needs of downstream businesses according to its own 
inventory tactics. There is one delay (just one week) between order received and order filled up in the 
supply chain. Initially, the supply chain is in complete equilibrium in terms of demand, orders, supplies, 
and inventory. 
The target of modeling: 1)to establish the behaviour of single member in supply chain; 2)to affirm 
interaction between members in the supply chain;3)to build up whole supply chain. 
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3.1.  Design of Agent 
There are three kinds of Agents in the simulation model[7]. One is Simulation Agent, such agent is 
the reality of the supply chain; Second is Function Agent, such Agent is to achieve main functions of the 
simulation model, and in reality there is not necessarily a prototype; Third is Control Agent, such agent 
must exist in each simulation model, and their purpose is to control the operating model and the means of 
information exchange between researchers and model.  
As the Simulation Agents is the key problem of the design process, more detail introduced is 
provided in the following context. 
There are five members contained in supply chain, including manufacturers, distributors, 
wholesalers, retailers and customers. Therefore, there are also five types of Simulation Agents in the 
simulation model, including Manufacturer Agent, Distributor Agent, Wholesaler Agent, Retailer Agent, 
and Consumer Agent.  
3.2.  Analysis of each Agent  
For each Simulation agent, it has special attributes and operations. In the simulation model, each 
Agent has different attributes and different running conditions, however, most Agents have the same 
operations rule in addition to the customer agent.  
Take the retailer Agent as a example to show how to design the Agent: 
Attributes: Order from down enterprises; Cumulative demand; Forecast demand; Order to upstream 
enterprise; Remaining inventory value; Flowing order; Flowing delivery value. 
Initial value: Current inventory value; Current delivery value; Current order; Current demand; 
Current flowing order. 
Operation rule: Agent's behaviour  is the message-driven model, the specific acts listed as below. 
1) to organize delivery when getting the real order quantity of customer in the local information 
database; 
2)to organize storage when getting the delivery quantity from upstream enterprise; 
3)to modify the information of inventory in the local database and inner transition module, then to 
get the information out of stock; 
4)to forecast demand of next week according to order value in this week; 
There are many ways to forecast demand, in this instance, single exponential smoothing is used. The 
method is to forecast the demand value in the next issue on the  weighted average value of the actual 
value and forecast value of this issue. The basic formula is: 
5）to adjust order quantity ; 
EDt+1=q×X + (1-q)EDt…………………………………………………………………………………….(1) 
Note:EDt+1---the single exponential smoothing value on the (t+l) moment or forecast value on the t moment; 
         q--- constant reflecting the smoothing , the value is required between zero and one; 
         X--the actual value on the t moment. 
The rule for delivery：
IF（Current inventory value > Order from down enterprises） THEN 
Flowing delivery value = Order from down enterprises; 
ELSE
Flowing delivery value = Current inventory value 
ENDIF
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According to adaptive decision model[8], adjust order quantity based on current storage quantity, 
current delivery quantity, appropriate storage quantity, appropriate delivery quantity and forecast demand, 
the relationship between above factors is described as follows: 
In  reality, if order quantity is less than zero, it means no order in this period, the actual order 
demand= Max[0，forecast order demand]。
6)to send order request, that means transmission of order information from the transition module to 
up-stream enterprise; 
7)to calculate inventory cost and shortage cost, output. 
3.3. The interactions between Agents 
The way of interaction between agents is message transmission mechanism, and the process is 
shown in Figure 1. The relation operations between Agents are achieved by a data structure called the 
timetable in the Swarm simulation platform. 
Fig.1 Communication Model between Upstream and Downstream Enterprise 
3.4.  Building model 
Fig.2 Simulation Model of Supply Chain 
The inventory adjustment t = a ×（appropriate storage quantity-current storage quantity）                        (2) 
The delivery adjustment t = asL ×（appropriate delivery quantity-current delivery quantity）                    (3) 
Forecast Order demand = forecast demand - the inventory adjustment-the delivery adjustment                   .(4) 
Then 
Forecast order demand =EDt+a×（Q- current storage quantity -b×current delivery quantity）      (5) 
Note：a----the adjustment parameters between appropriate storage quantity and current delivery quantity; 
asL---- the adjustment parameters between appropriate delivery quantity and current delivery quantity; 
b= (asL /a); 
Q=appropriate storage quantity +b×appropriate delivery quantity; 
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A basic supply chain simulation model is established for individual agents and its interactive 
activities have been built. There is file (called as Main File) for a simulation program running start to 
initiate observers Swarm at the beginning[9]. Then Observer Swarm is to deploy Swarm Model, and 
Swarm Model is to control the Agent and Agent's operation environment. Therefore, the whole supply 
chain simulation model is indicated in Figure 2. 
4. The analysis of experiment 
Swarm platform provide the man-machine interface, and real-time procedural change operation 
status[10]. The experiment is to observe the upstream enterprise’s inventory and order information by 
weeks on only Considering the small fluctuated demand. All simulation time is set at 160 weeks. 
Assuming no sharing of information between members of the supply chain; There is one-week 
period delay of the order being received from downstream; There is two-week periods delay for the 
upstream enterprise fills the order; Each member receives order information from the downstream 
enterprise, organize for distribution, and send order request to upstream enterprise or manufacture on the 
forecast demand. Concrete results are  shown in figure 3. 
(a) first picture                                                            (b) second picture
Fig.3 Results of the Experiment One 
From the experimental results as shown in the above figure 3 (a) and (b), all members of the whole 
supply chain maintained stability in the initial balance when customers’ demand didn’t fluctuate; however, 
with the fifth week fluctuations in the customers’ demand, as shown with blue line in Fig 3 (b), after a 
certain period of delay, upstream members began to enlarge order value, the volume of inventory was 
accumulated, then members began compression of order value, and shrink inventory shortage there, 
therefore, the entire system would enter a "chaotic operation" situation. Furthermore, the upstream nodes 
further away from the customer there are greater volatility from the actual information. All these have 
fully demonstrated the phenomenon of the bullwhip effect throughout the supply chain. 
5. Summary 
Supply chain has become a complex system, calling on the new technology to study and work out its 
solution. The ABMS has been developed based on Agent modelling, of which its modeling and 
simulation is worked out as one of the scientific and dynamic research methods for complex system. In 
this paper the proposed approach is utilized for the study on one supply chain system. By means of the 
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Swarm platform, the supply chain model is established, and the rich bullwhip effect phenomenon is 
observed on the condition there is no sharing information between members and there exists delay in the 
order, delivery, and manufacture process. It proves the ABMS is the effective way to study the bullwhip 
effect in complex supply chain. 
References 
[1] Sunil Chopra, Peter Meindl, Supply Chain Management—Strategy, Planning and Operations, Social Science and Literature 
Press, Beijing, 2003（1）.
[2] Gong Bengang, Chen youming, “The Cause and Weakening of Bullwhip Effect in Supply Chain”, Operations Research and 
Management Science, Hefei, 2002(11),p.127. 
[3] Sun Yuanxin, The Principle of Supply Chain Management, Shanghai University of Finance&Economics Press, Shanghai, 
2003（12）.
[4] Lee N, Padmanabhan S, “Information distortion in a supply chain：the bullwhip effect”, Management Science, 1997, 43 
(4),pp. 546-558. 
[5] Huang Xiaoyuan, Supply Chain Model and Optimization, Science Press, Beijing, 2004（12）.
[6] Liao Shouhong, Dai Jinxi, “Complex Adaptive System, Agent-based Modeling and Simulation”, Journal of System 
Simulation, 2004(16),p.113-117. 
[7] Lou Pi, Si Guangya, and Hu Xiaofeng, “Discussion of Swarm and Building of Specific Model on Swarm”, Journal of System 
Simulation, 2004(1),p.5-7 
[8] Michael J.North, Charles M.Macal, “The Beer Dock：Three and a Half Implementation of the Beer Distribution Game”, 
Argonne National Laboratory,2002 （3）
[9] Ding Hao, Yang Xiaoping, “SWARM-an Object-oriented Modeling Platform to Support Artificial life Model”, Journal of 
System Simulation, 2002(5),pp.569-572 
[10] Information on http:// www.swarm.org. 
